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mr, rat) > 
c : o . i - o. 5 %, 

S i + A 1 : 0 . 5 - 3 %> 
M n : 0 . 5 - 3 %, 
P : 0 . 1 5 %WT\ 
s : 0 . 0 2 %J^T 

#2*§*&itlfcfi. %§t-^ft^ hWv^f>t^ hSr^LTisiK 
[IS*^2] 

*m i ^ismo^?^^it^B a n o 

[Ift*^3] 

Ni : 0. 5%y>T (0 , W/Xlt 

Cu : 0. 5%J^T 

Ti : 0. 1%JAT &v*) , 

Nb : 0. 1%JSLT fcv>) , 

V I 0. 1%MT ( 0 v*) 

°[»*«5] 

Ca I 0. 0 0 3 %MT (0 v>) , RZf/Xl* 

REM: 0. 0 0 3%WT (0%^tl^^) 

[W«6] 

B : 0. 0 0 3%WT (0%^i^r^) 
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[0 0 0 1 ] 

g&p D p^ft^ifticw -^it^p a p<7)^^fp-r\ -•^^itgi5p c p^3Eic^ (^b, 

[0 0 0 2] 

p a pfi-^n, snf*fiJKri*#l*&ffi*tf>$Hi (*nx) fciTfcofcffe, IA • iif oil i 

=r >n y K, h 7 >^ 5 y v a >^7^::t±&|lflJRj£lfl5fi (inifil 110 0-1300 
"C) ^Si^iSuifGqp (MSS6 0 0-8 0 0t) tT-^-^^T^M, Xf7'J> 

[0 0 0 3] 

T jo ^ > iO&fc 53^14 tii£^ *ioTv>4 0 fi-e, ^fil&fgiiS&p^ffl 

[0 0 0 4] 

TRIP »(±, mMt-^rt^ f ( 7 r) >T<7)yR^iJPX«4 J ^ 
(S5JR»iBaai± : TRIP) LTSte^l^^ttKfc^fc^JJIJLfcfcO-C, «n^3fi 

^ h&tt^&fcsTOipsfc^a&jafPi (pfw **iB^$nTij*), ioPF*i±, 
fcs^mLia- (mm tmmQ&tm-tzii&iz, m^mmizmtix^zmzmztix 

o 

[0 0 0 5] 

<Dmtt*m^fzm&i<z&^xi>fLbtix^tzi><nx&2>-t)^ TRipmvm&itfic *) (r 

a) <7){g:T\ £H>T{i«m<a#ftri*Efr-c*ofco 

[0 0 0 6] 
[0 0 0 7] 

iS53i£gl&iig|Sp a p^tMt ; ^^o^ig^n",^ ft*0$q < ft^3®£ 2 [HSU* KjfeS * 

imtjcm i ] 9-104947 mmn^mmm 

m ttlfcltt 2] #12 0 0 2 -3 0 2 7 3 4 -^fft (#ffFfjt*<7>$SH^) 
[WBfcfclR 3] #H3 2002-309334 (# t^if *<7>f£H^) 
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4] #112003-73773 -^SR (W »M»3fctf>ttM) 
5] #H3 2002-302734 (#IHif *<0$EHI£) 

[l&H^^m^L J: ^ t-t&WUS] 
[0 0 0 8] 

titzmm%^mwi*km&zmi&-f & co#&as^p a n £*jji£j: < Kit-fa cit 

;Wf&&$r*t&M& «:« W-T -2» C £ K * a 0 
[0 0 0 9J 

t\ rat) > 
c : o. i - o. 5%, 

S i+Al : 0. 5 - 3 % , 
M n : 0. 5 ~ 3 %, 

P : 0. 1 5%JilT (0%£#ifcv*) , 
S : 0. 0 2 %WT (0%£#tr) 

i2ffiiftli, ^t-XfH MO f -7^f^t'f h^^LTi5l9, 

i©9 t>55S*-^x^>f H±. £&*&K*)"LT£«^-C3 ~3 0%-g-^TL, JLo, 

[0 0 10] 

±ffi<7)i^?^S^7t^p D p^*3V^T, HJCC rSlT/XliMo £^ft"C 1 %J0LT (0%£-^ 
£&v^) ^-rz ; N i : 0. 5%mT (0%£-&ifcv») , £OVXt±C u : o. 
5%i^T (o v>) ^Mt?>^; ;Ti : o. i%wt (o%^^i^v^) 
, Nb : o. i%jjit (0%&-&£&v>) , v: o. l %&t (o%fc-£i&v*) <d'J?% 

< t fcO ; C a I 0. 0 0 3%JfiJLT (0%£#t &v>) , &0V3OiR 

EM: 0. 0 0 3 %J2JLT (0%£-&£&H 2> i><D ; B I 0. 0 0 3%IT (0 

[0011] 

##P^BM£iTa|gMlft#t£(i> ft 6 0 0MP a j»J^±OSS5Sffi«SrSIJ£-r 
inX**7 0%*^*#fcfc LTfc3IKS!&«TS (MPa) £*&(9#14RA ( 
%) (T S X R A) t5 ? 2 5 0 0 0^± (»J L < li 3 0 0 0 0 JSL±) OftlflfciBfcL 

-cist), 5.0, t#a f * t 2o%a± (fiL<i±2 5%a±) *m%.-tz *>o-c&& 0 

[0 0 12] 

^f&Wc i;h.t£\ ft 6 0 0MP ajRJ3L±OHiaiftJ*Jci5^T, JjPXs£ It & 

[0 0 13] 

«:fflv»-CV»-5J fcv»3WHl*ia»-r*£i!Sfc!K TRIPfllC#g LTfttfttf It * 

fco TRIPf|{±iiu&L£i§*K /R^JKHJ: OSlJK-ffitt (#K<£#U9 O/^^KflE 
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[0014] 

t> $m-m*)i<m<7)^7 y xizmtitzM&mi&T&u&imhtitt^z tap, ^te, 

&AJ ) t&jz%-?n<T >■*)■>( h^LTLiv\ iral^rt* 5 0%fcfc< 

■ct-^f^^its^fttK*/; (f£IE-f£|y&#!lo r»ftBj ) a*, i&^&njt^ 

[0 0 15] 

. w sea* -e * - x r y > mm-r & t v ^ » e o mmm * tm -t ti imm <dbm * s ii k 

[0016] 
[0017] 
[0018] 

( 1 ) j&Mnd 1-4 h i_£jjj|MZJhZl^±i fc i 5 0%JELh 
**Mt-i5»t4 r^M^-T^-^ hi^l±M-7^f>t^ hj tit, 

#»±, wx-tfaaaw^Kt** (tem) mm%t*izt^x&m-t2>zt&x&2> 0 

[0019] 

Ae3jSJSL± (y«) i*)*X#iS*ifc^t'f b/v/PfVt-f h*, (Aei«£-3 0 
°C) JBLL, (AesjSC-3 0"C) ^TOMttlt-Sf LT#<bft* i><DXh%> 0 
[0 0 2 0] 

. »£HC«l«i-*iWTj£v»j&*, §f 4 L < t± 5 5 %J0l±, X L < it 6 0 %&±.t u ± 

ffH<l±85 %JBIT\ <£ f 9^ffL<(±8 0 %WTt "T* £ b 1>mmZ *i& 0 
[0 0 2 1 ] 

(2 ) ^2ffia@ : Mj^iAzJii h RjggLikz^jti 1: 

h (/r) 2lU f v;u-r>-9-'f h (ft> v^f->t>f Mifntiotil^) ^ttLt 
[0 0 2 2] 

(2-1) y R 

£;&Kti, yn&£mMiz#LX3%&>± m t L< (4 5%JSL±) , 3 0%WT (jfiL 
<ii2 0%JilT\ J: L< ttl 5%JSLT) ttio 
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[0 0 2 3 ] 

£d-C±JEyR*OCiift (C y r) (±0. 8 %JkLt-C*£ C fc^4tH$n* 0 -OCy 
R (±TRIP«7)!fiFl4iC^§ <j^#L, 0. 8%JSL±UWfPi"*fc, #^#^0|6]±tz^-C 
fif i L< ii 1 %J£JUh, <t «}«F4 L< (i 1. 2%£JL±-C**o ffi> ±ieC 7 R#^i 

[0 0 2 4 ] 

(2-2) vjijx2i±i_L> ^'jJt»7x7>f f, ^-r^-rh (v^-rn^ o%^^-tf) 

WI, «F£Lv> 0 jff i t < l±Ztih*&nx~4: 0%ttT, «t <9 *? i L < (i^ffC 3 0 %YX 
T, MKSF* t < fi^tt-T? 1 0%£lTit4, 
[0 0 2 5] 

* hit (e$4/M$4<7>Jt^) ri ? 2WT-C&£ yn&tfvfl'-r f-fr-f ho£#*£«*£&2 

9*>, TX^t hJt* I 2JSLTOJt«WR3^Ujttv^®0<)©**2 5 %JSLTHttlW$nrv» 

* ;^Hl-nJi\ T*^? hJrb7i ? 2^<7)Jtic^Jl#^n7t:^<7)^<7)^7 5%jgt*§< 

m l tz m *) . TRi?m * ^ <r> umx&m. t x & o - $ *) #1£ t± # <b n & v & i± 

mLtz'ik, EfgSgt-t-Xr>/*It4) ^iLti^ CltLlCiO. yiX^V^ 
[0 0 2 6] 

[0 0 2 7] 
[0 0 2 8] 

c : 0 . 1 - 0 . 5 % 

[0 0 2 9] 

Si+Al :0. 5-3% 

S i RXfA 1 {±> yR^»Lr^t^^*fe*-f *^>S:^^«lx.*7C3g-C**o 
S i t±, H»afc'ffc7C*i: Uttfflt-*4o £0»fcflUHfc*»K||#$**;ftfc{±. S 

i rva 1 ^-^ff-e 0 . 5 %&±. : mwf2> ;fc^.s-ejbs„ *f £ L < t± 0 . 7 %m±, 

, *r<D±m.Z 3%t-f% 0 1ft i L< {±2. 5%ttT, <£ 0 «f£ L < tt 2 %VXTX$>% 0 
[0 0 3 0] 
M n : 0 . 5 - 3 % 

> i «5«fi L < »± 1 %m±-e&£o lit, Mnli3%^gitat^i:> »Jt«!ltL^ 
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t^f^IWI^n^o fftL<!±2. 5%JSIT\ ct iJfiFi L< 1±2%J&JLT-C*a 0 
[0 0 3 1 ] 

p : o. l 5 %jg~r 

iftfctt, P£0. 0 3%Jtt± U L< (40. 0 5%JiUi) ffimir & Z ttmMZti 

h Q nu o. i 5%*j@x.-ci£ani-3 ^-^nxtt^^b-r^o «t l < no. 1 

%JSLT-C**o 
[0 0 3 2] 

s : o. 0 2 guar 

■C*4o SFi t < (±0. 0 2%filT, ct L< (4 0. 015%£lTT , *4 o SJ, S O 

i sipxtt^twwiw^ffljix s «• o . 003 %jslt* -cfi^-r* fi&*n lt l 

iv\ H:Stfi*t4ft03^ h75*SS< - t £#01" £ t > TPU4 0. 0 0 3 %j@ 
, 4 »9»3: L< (4 0. 0 0 5%&±l l Zir2>Ztl)mmZtlZ>o 
[0 0 3 3] 

[0 0 3 4 ] 

Mo : l%feHT (0 v>) , Ni : 0. 5_%&T (0%£#j:&v>) , Cu : 

0. 5_%mT (0%££-3frv>) , Cr : 1 (0%fr-a-£ o^&<^&-a 

o : 0 . 0 5 (ct •) if* L < .4 0 . i %m±) , N i : 0 . 0 5 %m± (ct »9 4fi 

L < f± o . i %m±) . C u : 0 . 0 5 %J£1± («t *) U$ L < it 0 . 1 %JUJL±) , C r : 
0. 0 5%JiJl± («t >)Sf* L< W0. l%J£JLt) ^^^Pi-^C«h^*^|$n^o II 
U MoM'C r {± 1 %, NiS^CuliO. 5 %Zmz.Xi%ML T4 ±12^^*0 L 
TLiv\ jgS6fW^*ft*fc-C**o i»)&iL<l±Mo : 0. 8 %J^T\ Ni : 0. 4 %J^ 
T\ Cu : o. 4%mr, Cr : 0. 8%&TX*&2> 0 
[0 0 3 5] 

T i : 0. 1 %mT (0 frv>) , Nb : 0. 1 %JjlT (0%fr-£$fr^) , V 

: o. i %ar (o%^-a-c£^v^) <7>^&<h&— a 

iOfcfcffcflJ iCTi : 0. 0 1 %J£Lt U «3#fi L< .40 

. 0 2%Jil_h) , Nb : 0. 0 1 %J£l± («t $f i L < (4 0 . 0 2 %J£Lt) , V I 0. 0 
l%m± (i L < 140. 0 2%Jil_h) **ttt4 - 75 s m#$^^.o fiL, 

4 L < (±T i : 0. 0 8%J^T\ Nb I 0. 0 8%ftT, V I 0. 0 8 %YX 

[0 0 3 6] 

C aM/IliREM : 0. 0 0 3 96J3LT (0%£-a-g&v>) 

CaMREM (^±^7C^) .4, ai*«rtfc»«>5&Si*«]|l| U JnlttlRl±U*S»*7C 

j&*Wb*L*o ±fBftffl**a.=lfe»S***.-tt^ 5*c*> 0. 0 0 0 3%J£JLt (i lj*f 
£L<(40. 0 0 0 5%J^±) f^DtSit^ii^^lSo {IL, 0. 0 0 3 %£i@x.T 
i^D LTi ±SE8&*7& s fi&*n LTLiv\ jgftft K&lfC* & o i^iL<(i0. 002 
5 %iJJLT"e*-6o 
[0 0 3 7] 

B : 0. 0 0 3 %KT (0%^4v>) 
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0 0 3%tt4 o J:D«fiL<l± 0. 0 0 2 %£lTt*4, 

[0 0 3 8] 

[0 0 3 9] 
[0 0 4 0] 

) - (AesjS-3 0TC) 0«SET? 1 0 fj>JBl±««F U KfiST^Jt Lfc&, 3t/#W 
±tf>¥*^*Pii£-C 325-475 « TifrS] L , ^fiJSi^T- 6 0- 3 6 0 0 £H£t#-f S 

[0 0 4 1 ] 

1 *#MLoogiW-r* 0 

[0 0 4 2 ] 

Sf> hftiXliv^fVf^f HIMI^SA^nTkji^SrJiai-*^, Z\ttlt 

xJdf, Ae 3 M±oaS-ei 0»JBL±fii«FL^**j-) «4 + 4 h&ffcO Ms 

^ —jj, i?)V7-yyr4 vm.m±, ±iEii*t^Ms*^T<7)fis* - t k «t o 

0t/Wl («fiL<li2 0lC/W±) i:i"^>- i:^ffi#$ti^»o m£tSe£#H1-* 

(#)xJ£MS- 5 0 0°C) t?*JRi9 tSiifLt^'f ^>f M^lfcliv^f hi. 
[0 0 4 3] 

^v»-c, ±IE^^ Ma^i^{i^^T->"9-^ h*a*&^2»A$fr£il*t£. (Aei 
3 Ot:) - (A es 3 Or) OfiS (Hi * , T 1 ) fl OfHJLk t 

i) vm) l> isit«t^„ io«»=*p«tiajK*iiiU«i^-*cfc-e, 0f^om 

2 &*l*o 

[0 0 4 4] 

Z<nn *>±ffij(Hlf*iB]KT 1 f±. SnX^ (JET^tlaJ^) , & tilzWo mT.§£®-.m ( 
ttlXspUt J:*#, «Efc3 0*C^T) CioT^fttS^, -fi^cflnXWA # § 
(i, -ffi«£«OTIR (Aeifi) «t •) fcftv^d*, 7*^* h JtO* § v*jfc 2 ffiifiltt ( 
yRR^vjVfVt^ b) &*kJ&2tl%^Z tfrh, -eoTPI^ (Aei.£-3 0°C) t 5e 
#fco MfiffiT 1 OXPlfi, }jnX3&S&^T#JiL£J#^ (Ae 3 *-3 0 

°C) fca;t4fc»r30ii&fc:&*|»$>*ifcv*fc*, -e?>±Pl£ (A e 3 3 0°C) iUo 
[0 0 4 5] 

ttz, mmm$t 1 c$»i$ibi) it, 1 ow± WiL<(±3o^±) fci-& 0 - 
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10 0 4 6] 

*5£W<vmW\*l [ (Aei.fi.-3 0t;) - (Ae 3 fi-3 0t) ] T&tUi^lE nTf£ 
[0 0 4 7] 

2 mm.m i 'Mit*t-f , mm^m^nhfi^^^-h-Qh^o t< (±2 o%w±, <t 
&z3£m.-ftit£mt2, *<D±mz 1 5 0%, * l< t± 1 2 o%tt*wt^it? 

[0 0 4 8] 

3 *C/#^±W*SjJt*Pat« ([HI*, CR) T3 2 5 - 4 7 5t (Hi*. T 
2) £ -e<$"*PU ^ISSffiitT'6 0 - 3 6 0 0# (HI 1 4>, t2)ffij| (t-^fW^ 

[0 0 4 9] 

#m_t, ii)»H(iiior/#w±^s 0 ft, ¥*&*fr*pafto±Ri±#KR5es*L 

[0 0 5 0] 

±fE 5 P^*pip&J*"C 3 2 5 - 4 7 5t (4ftL<l±3 5 0 tW±, 4 5 0 TC&T) i T? 
*£*PU &ifij£# (T2) t"6 0- 3 6 0 0M# (t-Xf^/^I) "T^o iftia 

[0 0 5 1 ] 

ft, *-Xx>^fiJg (T2) t5 ? 3 2 5°C£T[I]& fc£*©i£ffcaH£j& I Sv»;&, 

o ±&M&*mx.&tBtitvs&tfm-r&fa, ar-x^-riv ( 7 ) ^K^^^it-e 

f\ ffi%M<r> yR-t>m bixtt^o ftt L<f±4 5 0 TCJSLT"C**o 
[0 0 5 2] 

ifc, ^-^-r^BIM ( t 2) (±60-360 0fptiri, o 6 0#<fc «9 igv^Rf 
0M^^tBfSt<7) y r« L^v> 0 ffiUlil 0 0fpll±^$>Z> o {IU 3 
6 0 0U?£j@x.& fc, 4tL^7ii^)»LTLi 9 0 ffH<li3 0 0 OPRii 

o 

[0 0 5 3] 

[0 0 5 4] 

[fSMtfU] 
[0 0 5 5] 

[0 0 5 6] 
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if, $1 KE*©J£$M&Jft*»fearSNo. 1 - 1 2<DWMm 

1 OmmXl OmmX 8 Omm<0^iifflf*^M-^««*nlL. TIEA ~- C (^ill^l Lt^i 
jt*J-£#£o #fiti:in:, tttt«Hz4Jtt*AeiXO f A esjS*:#IB"r*o 

[ 0 0 5 7] 

[a ] 

9 0 Ot: (Ae 3 M±) K*n&Lrt:&M"TM8i£ (^JPX^R= 5 0 %Ol±*tfgd£M^ £ 

[b ut&m ] 

9 0 Ot: (Ae 3 *M) KJn»Lfc&STSjt (^I^R= 5 0%<E>EEilia&iiM*£ 
#40 - 1 OTC/^^iPii^-C^iP— 7 6 OX: (ifi U fl^N o.l 2IJ7 3 0ttt 

4) i frraansfc— i o t:/^>co¥^<t*PiiJS-e^*P-*^-^^>^^a (4 o o°c-c3 

0 o&mmm 

[c (*9tmm ] 

9 0 0°C (Aes^M) Kan&, 1 »WfiH*- 1 0 r/U'Of J$^i*1?^- 4 

;u-r>-9-'f ha««r#Af*»^»iMi-C**P"t*) 5 (1IU H 5 (4 7 4 0 
T\ ill 1 RX/l 2 (i7 0 OVt-fZ) (D&mztiat9kL. 60#r^#L^ 

£ ujdi^r = io~7o %©ffi*«jtii*«:#-^) - 1 o vxfp^nj^mmm^m 

-t-Xr-z/mi (4 0 Ott-3 o o#ra^#) 

£<0»KLT»fcftfc£«ji*|-Ko§, 3I3I%J£ (TS) , (RA) , 1^ 

, hSO t ^f>t'f hOd*>, 7^^^ Mt3 ? 2 J^TOk<7>7!> s ,±f46& 

Jfcsfs (jg2*> V*-CfrtO *TRfMr?**a95£Lfco 

[0 0 5 8] 

[3l3I3il*<Oi!lJe] 

±fE«3S*TO 1 /AW-Z X H I S 4 B^-^M" (r-7g? 2 Omm, 2 

2 mm, ilig 6 mm, ff£ 1. 2 mm) &#J»JffiU 2 0°C, ?n*^-y K3J£ 1 mm/m 

1 nlCT^ISI^^tf Srofco 
[0 0 5 9] 

(ommmms o torn (so-s) s o-e«oti^ c (so-s) /soxio 
o (%) ] £#mu «c^#i±^fFflst7to 

[0 0 6 0] 

^.9^ h) Ji, fSJfi*rS:^>f ^-^-CJ&AU j&&£m?B(ffc£R (SEM:g$1000 
fe£L< {±2 0 0 Ofgr) «*^J: OttUfctRUeLfcrn, SOSeLfco 
[0 0 6 1 ] 

«, yRlt fifD«rftiWSefetcJ:orfl^|s|S (%) fcifllJgLfc [JRfH2 0 0 3 - 9 0 8 

2 5-^2r*SU R&D#p5£Sltt&/Vol.52, No.3 (Dec. 2002) *#IH] 0 £*lH\ _tj£L£ 

[0 0 6 2] 
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[0 0 6 3 ] 

fttr i o omm% t (gp*>, ±&L£s emi^l < (± 

[0 0 6 4 ] 

h ( 7R ) hOT*^? hJt^] 

*-r, ssiiM^^-^jcu «sm^^^ (SEM:f£s£i ooofg) xnm 
Ltzm.%m-n* 2tmm-tz>o ^^^m^h, 5 o M mx 5 0 /um^mm^amzm^. 
u mn&i-o wo m ttz 2tt<?)?i(:ov^ > iswa (50^x50^x2) k£ 

[0 0 6 5] 

zvm~L-c®mLtz(2)*±.u(i)xm-otz~gftm [(2)/a)xioo (%) ] 

[0 0 6 6] 
[0 0 6 7] 
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